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TOTAL EXPOSURE PROJECT 
BIOMARKERS OF CADMIUM EXPOSURE 

Cadmium is a modem toxic metal, discovered in 1817, with widespread industrial use in the last 50 
years. Cadmium is used in electroplating and galvanizing due to its noncorrosive properties, as a 
pigment for paints and plastics and as a cathode in batteries. Cadmium is a by-product of zinc and lead 
mining and smelting, which contribute to environmental pollution (ACGIH, 1999). The toxicology of 
cadmium has been extensively reviewed (Friberg, 1986) and (WHO, 1992). 

Exposure. Dietary sources of cadmium include meat, fish and plants (USDA, 1988). High 
concentrations are found in the liver and kidney of animals and shellfish may be a major source of 
dietary cadmium containing 100 - 1000 pg/kg (Goyer, 1996). Grains also contain 10 - 150 pg/kg 
cadmium. Plants more readily take up cadmium than other metals, like lead. Factors contributing to 
cadmium’s presence in soil are fallout from air, cadmium-containing waters used for irrigation, and 
fertilizers such as phosphates (20 mg/kg) and sludge (1500 mg/kg). 

Airborne air from uncontaminated areas contains less than 0.1 pg/m 3 . Respiratory absorption of 
cadmium is about 15 to 30 percent in industrial situations where cadmium fumes may be present. A 
major nonoccupational source of respirable cadmium is cigarettes. One cigarette contains 1 to 2 pg 
cadmium with about 10% of the cadmium inhaled. 

Total daily intake from food, water and air varies from 10 to 40 pg/day. Smoking one to two 
packs a day can double the daily intake of cadmium. WHO provisional tolerable weekly intake is 7 
pg/kg body weight/week for cadmium (WHO, 1992). 

Toxicokinetics. Gastrointestinal absorption is less than respiratory absorption and is about 5-8 
percent. Binding to red blood cells and large-molecular-weight proteins in plasma, particularly albumin, 
transports cadmium in blood. In blood, over 70% of the cadmium is bound to red blood cells. In non- 
occupationally exposed adults, cadmium levels in blood are usually below 1 pg/100 ml whole blood 
(median value around 0.15). In all tissues, cadmium is bound mainly to metallothionein. The metal is 
mainly excreted via the urine and the extent of urinary excretion increases with age. In adults not 
occupationally exposed to the metal, the level in urine is usually below 1 - 2 pg Cd/g creatinine. 
Cadmium can also be excreted by other routes (bile, gastrointestinal tract, saliva, hair, and nails), but to a 
lesser extent than in urine. In man, the two main target organs after long-term exposure to cadmium are 
the lung and the kidney, though it is generally accepted that the kidney is the critical organ (i.e., the 
organ that exhibits the first adverse effect). The first detectable adverse effect of cadmium on the kidney 
is an increased excretion of specific proteins in urine. About 50 — 75 percent of the body burden of 
cadmium is in the liver and kidneys; with a half-life of over 10 years in man. Estimates of the average 
body burden of non-occupationally exposed adults range from 5 to 40 mg. The body burden of smokers 
is about twice that of non-smokers. 

Biological Indicators. Several approaches have been used to evaluate the critical internal dose of 
cadmium, the dose that under chronic exposure conditions may lead to the occurrence of adverse 
functional changes in the kidney. It is now possible to measure directly by neutron activation the amount 
of the metal that has accumulated in the two mains sites of deposition, i.e., the liver and the kidney. 
However, the evaluation of tissue cadmium in vivo by neutron activation is not a routine procedure. 
Therefore, it is important to evaluate to what extent indirect biological indicators, such as cadmium 
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levels in blood and urine or metallothionein levels in plasma and urine can be used to estimate the 
internal dose. 

The most important measure of cadmium exposure is increased urinary cadmium which provides 
a good index of recent exposure, body burden, and renal cadmium (Lauwerys, 1983). At low exposure 
conditions (i.e., general environmental exposure or moderate occupational exposure), when the total 
amount of cadmium absorbed has not yet saturated all the available cadmium binding sites in the 
organism, the cadmium concentration in urine reflects mainly the cadmium level in the body and hence 
in the kidney. With an increase in exposure, available cadmium sites (e.g., metallothionein in the 
kidney) are readily saturated and urinary cadmium excretion becomes a good index of recent exposure. 
The relative importance of each factor depends on the intensity of exposure. Thus, in those newly 
exposed to cadmium, a time lag is observed before cadmium in urine correlates with exposure. This 
time interval will depend on the intensity of the integrated exposure to cadmium. A highly sensitive 
assay for blood and urine cadmium (Peterson, 1991) has been miniaturized requiring only 1 ml of fluid 
with a detection limit of 0.02 jig/L (Bhattacharyya, 2000). As a confounder. renal function should be 
assessed as renal dysfunction increases the loss of cadmium from the kidney. 

Most of the cadmium in urine is bound to metallothionein, and there is good correlation between 
metallothionein and cadmium in urine regardless of renal function. Hence, the determination of the level 
of this protein in urine may provide the same information as the determination of cadmium, but 
metallothionein analysis presents an advantage over cadmium analysis in that it is not subject to external 
contamination. A radioimmunoassay has been developed for the determination of metallothionein in 
urine (Chang, 1980). Further studies are necessary to validate the biological significance of the 
metallothionein level in plasma. 
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